0 0 respond to current cues and produce more female-biased offspring sex ratios when 1 0 1 there are fewer females sharing a patch (Wrensch & Young, 1978; Roeder, 1992) 1 0 2 and they are able to recognise kin (Tien et al., 2011; Bitume et al., 2014) .
We aim at uncovering the interplay between immediate and past cues in the 1 0 4 environment in determining sex ratios in T. urticae. We investigate whether females 1 0 5
alter their sex allocation in response to the number of females in the same patch (i.e. negatively correlated with the number of foundresses on a patch, and a certainty in our high LMC treatments, we evaluate the effect of sib-mating on sex allocation in a 1 1 0 separate experiment. The two-spotted spider mite, T. urticae Koch (Acari: Tetranychidae), is a generalist 1 1 5
herbivore (Migeon & Dorkeld, n.d.; Helle & Sabelis, 1985) with a short generation egg stage, all individuals pass through a larval and two nymphal (protonymph and 1 2 0 deutonymph) stages, with short quiescent stages between each, before reaching 1 2 1 maturity. Mature females are approximately twice as big as, and rounder than, 1 2 2 mature males. The sex ratios measured in this study are tertiary sex ratios defined as 1 2 3 the proportion of adult males on a patch; offspring sex ratio is a trait of the mother. (255mm x 185mm x 77mm) to prevent both leaf dehydration and mite dispersal. Females were allowed to lay eggs and, 14 days later, their mature adult daughters 1 4 8
were sampled to start the experiment 'sex allocation in response to LMC across 1 4 9 generations'. In the 'sib mating' experiment, slightly older daughters were used as the 1 5 0 experiment was started 20 and 21 days after females started laying eggs in Appendix 1 for details). This experiment investigated the sex allocation of females over two generations. In Generation 1 (the 'maternal generation'), we measured the offspring sex ratios in we tested whether LMC experienced by mothers influenced the offspring sex ratios of 1 6 7 their daughters (see Figure S1 for an outline of the experimental design). Generation 1 (maternal generation):
In the low LMC treatment, a total of 360 females, in groups of 15 females, were included in the statistical analyses due to experimenter error. Generation 2 (daughter generation):
Independently of LMC levels, 12 females were randomly collected from each quarter 1 8 9 of each box from Generation 1 and individually placed under high LMC on a 4 cm 2 1 9 0 leaf patch (same density as in Generation 1). Due to differential fecundity, some 1 9 1 females from Generation 1 may have contributed more offspring to Generation 2 than 1 9 2 did others. All patches were randomly spread across 6 boxes (48 patches per box).
1 9 3
Note that some females in Generation 2 were sampled from patches that were not 1 9 4
used in the analysis of sex ratio in Generation 1 due to experimenter error. Females 1 9 5
were allowed to lay eggs and their offspring sex ratio was measured 14 days after 1 9 6
transfer. In total, we measured the offspring sex ratio and number of emerging adults of high maternal LMC (3 -12 females per quarter). Some patches were lost due to 2 0 0 female mortality before they laid eggs or to leaf patches rotting. This experiment investigated whether females mated with their brothers produced a 2 0 4 more female biased offspring sex ratio than did females mated with unrelated males. In total, 96 females sampled from Generation 0 were individually placed on 4 cm 2 2 0 6 patches spread across 2 boxes (48 patches per box). This experiment was done in 2 0 7 temporal blocks, over two days. Females were allowed to lay eggs and 9 days later treatments) were individually placed on 4 cm 2 patches to ensure all mites assigned to 2 1 0 our mating treatments were virgin. The same was done for emerged or quiescent adult. Females were assigned to one of two mating treatments: (1) the sib-mating 2 1 3 treatment, in which one haphazardly sampled brother was added to their patch or (2) 2 1 4 the unrelated mating treatment, in which a male from another patch was added to 2 1 5 their patch. Males were removed after three days, females were allowed to lay eggs 2 1 6
and 14 days later the sex ratio and number of emerging adults was measured. In 2 1 7 total, we formed 24 patches with unrelated mates and 28 patches with sib-mating. For all analyses, except sex ratio of females from generation 1 (see below), we 2 2 1 analysed variation in the number of sons (offspring sex ratio) and the total number of 2 2 2 offspring that emerged as adults for females using generalised linear mixed models, Appendix 2, Supplementary Materials). At generation 1, the sex ratio was measured for single females for the high LMC LMC. We generated 10,000 empirical values of the z statistics and could thus obtain the high LMC treatment and by groups of 15 females for the low LMC treatment.
3 8
At Generation 1, we analysed variation in mean individual offspring production 2 3 9
in each quarter as the number of offspring reaching adulthood in 14 days (this will 2 4 0 correspond to ~4 days of laying eggs) accounting for LMC treatment as a fixed effect, by the mother at generation 1 on male production and offspring production. We which each female originated as a random factor nested within LMC treatment. Sex allocation adjustment in response to sib mating 2 4 8
In the sib-mating experiment, we accounted for the mating treatments of the mothers 2 4 9
as a fixed effect and the patch of each mother, and temporal block as random 2 5 0 factors. Note, block could not be included in the analysis for offspring production 2 5 1 because the model did not converge. In all experiments, offspring production was not affected by the intensity of LMC in At Generation 1, females did not modify their offspring sex ratio according to the 2 6 6 number of other females in the same patch (p-value = 0.938; Figure 1A) . In contrast, 0.002, Figure 1B ). Mating with a brother or an unrelated male did not change sex allocation (F 1,21 = 2 7 4 0.06, p-value = 0.82; Fig .1C ). This means the effect of high LMC over two 2 7 5
generations on sex allocation are not due to sib-mating. We found that sex allocation in the spider mite T. urticae does not depend on the 2 8 5 number of females on the same patch or on the relatedness between mates. Instead, 2 8 6
we found that females alter their offspring sex ratio according to the number of 2 8 7
females on their mother's patch, showing that the maternal environment may be 2 8 8
important for sex allocation. Additionally, none of the treatments -current or maternal 2 8 9 levels of LMC, or mating with a sibling-impacted the number of offspring that were 2 9 0 laid over a ~ 4day period and emerged as adults. Female T. urticae did not produce a more female-biased sex ratio when they 2 9 2 mated with their brother compared to an unrelated male. As spider mites do 2 9 3 recognise kin (Tien et al., 2011; Bitume et al., 2013) , this calls for an explanation. One possibility may be that there is sexual conflict over the optimal offspring sex ratio 2 9 5 (Shuker et al., 2009; Macke et al., 2014) . In haplodiploids, males only pass their 2 9 6
genes to the next generation via daughters, thus it is always beneficial to produce a 2 9 7 more female-biased offspring sex ratio for males, whereas for females the optimal Another possible explanation is that females do not alter their sex allocation in 3 0 3 response to sib mating due to selection to reduce inbreeding (Greeff, 1996) , from 3 0 4 which they suffer (Tien et al., 2014; Yoshioka & Yano, 2014) . Furthermore, T. urticae 3 0 5
actively avoids mating with kin as females prefer to mate with unrelated males over , 1978; Roeder, 1992) . For example, in Nasonia vitripennis other cues, 3 1 2 specifically egg presence and the relative number of eggs a female contributes to a 3 1 3 patch, had a stronger influence on sex allocation than the number of foundresses It may be that females respond to density and not the absolute number of females. In other studies that found an effect of foundress number on LMC, density was not controlled, which we did in our experiment (Wrensch & Young, 1978; 3 2 4 Roeder, 1992). Alternatively, the absolute number of females on a patch could have conspecifics, but at densities much higher than in our experiment, and on whole plants, and not leaves as here (Pallini et al., 1997) . These cues may be not available 3 3 0 in our experiment with low densities of females. In Generation 2 densities were also identical to those of Generation 1 and 3 3 2 between treatments, and here we did detect a difference in sex allocation. Adult experiments sex allocation could be in response to the number of foundresses in the There could be a true maternal effect in sex allocation, meaning that the shown to play a role in determining offspring sex allocation. An exception may be 3 4 9 studies in which stress during the embryonic period influences the offspring sex ratio;
Young
3 5 0 one in mice, which found that females produce a more female bias offspring sex ratio sex ratio adjustment may be explained by the maternal environment.
3 5 9
If female sex allocation in T. urticae is in part influenced by maternal cues for 3 6 0
LMC this could come about via the manipulation of a daughter's egg production. Egg daughters' eggs, which could translate into a given sex ratio. is under high LMC. Offspring sex ratio has been linked to the environment a mother experiences during the juvenile period in wrens and voles; when mothers
